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dient for poultry [1] [2] [3] . The presence of DDGS in broiler diets remains volatile due to price fluctuations of corn and soybean meal. The use of DDGS is largely dependent upon price spread between these 2 ingredients because of energy and amino acid (AA) contributions of DDGS. Currently, approximately 85% of the ethanol manufacturing plants in the U.S. are employing post-fermentation technology to extract oil from DDGS to increase revenue during the production process. Hence, the resultant oilextracted DDGS has lower lipid content than high-oil DDGS (5.0 to 8.0% vs. 9.0 to 12.0%) creating variability in metabolizable energy values among DDGS sources [4, 5] . Inclusion levels of DDGS in broiler diets range from approximately 5 to 9% and typically increase as the birds advance with age. Distillers dried grains with solubles are known to be variable in nutrient composition, hence the basis for using lower inclusion levels in starter diets [1, 3] .
Increasing inclusion rates of DDGS may allow for more cost-effective feeding programs for broilers, but the responses to increasing inclusion rates could vary for DDGS sources differing in lipid composition. Dozier and Hess [6] examined the effects of diets containing lowoil, moderate-oil, and high-oil DDGS utilizing DDGS conventional-and increased-inclusion programs fed to Hubbard × Cobb 500 broilers from 1 to 33 d of age. Broilers fed diets with 8 and 10% and 8, 10, and 12% inclusion of DDGS had lower BW gain and poorer feed conversion ratio at 26 and 33 d of age, respectively, compared with 5 and 7% and 5, 7, and 9% inclusion rates of DDGS in diets fed until 26 and 33 d of age, respectively. No differences in live performance and meat yields were apparent when broilers were fed diets varying with DDGS source. Growth and meat yield responses to source and inclusion rates of DDGS may be different for broilers grown to heavy weights (>3.0 kg) compared to birds destined for fast-food markets (1.8 to 2.0 kg). This study evaluated the effects of diets containing lowoil, moderate-oil, and high-oil DDGS sources utilizing DDGS conventional-and increasedinclusion programs fed to Ross × Ross 708 male broilers from 1 to 49 d of age.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee at Auburn University approved the experimental protocol involving live birds (PRN 2009 (PRN -1675 for all experiments.
Husbandry
One thousand and five hundred Ross × Ross 708 male broilers were obtained on day of hatch and randomly distributed into 60 floor pens (25 chicks per pen; 0.08 m 2 / bird). Broilers were vaccinated for Marek's disease, infectious bronchitis, and Newcastle disease at the hatchery. Each pen was equipped with a hanging feeder, a nipple drinker line, fresh litter, and birds were allowed to consume feed and water on an ad libitum basis. The ambient temperature was set at 33.0
• C and reduced as birds advanced in age with a final set point of 19.5
• C at 45 d of age. Birds were exposed to a 23L:1D photoperiod with an intensity of 30 lux from 1 to 7 d of age, 20L: 4D photoperiod with an intensity of 10 lux from 8 to 14 d of age, 5 lux from 15 to 26 d of age, and 2.5 lux from 27 to 49 d of age. Light intensity settings were verified at bird level (30 cm) using a photometric sensor with National Institute of Standards and Technology-traceable calibration [7] .
Experimental Treatments
Three DDGS samples were obtained from dry-grind ethanol plants having ether extract (EE) content of 5.4% (low-oil), 7.8% (moderateoil), and 10.5% (high-oil) DDGS on an as-fedbasis (Table 1) . Apparent ileal amino acid (AA) digestibility coefficients and nitrogen-corrected apparent metabolizable energy (AME n ) used in formulation for 3 DDGS sources were Met (0.722, 0.788, and 0.791), Lys (0.504, 0.510, and 0.552), Thr (0.563, 0.566, and 0.612), Val (0.701, 0.699, and 0.733), Ile (0.702, 0.698, 0.733), Trp (0.708, 0.733, and 0.767), Arg (0.762, 0.776, and 0.799), and AME n (1,975, 2,644, and 3,137 kcal/kg) for low-oil, moderateoil, and high-oil DDGS, respectively [5, 8] . Digestible AA values used in formulation were calculated by multiplying the digestible AA coefficients by the total AA content ( Table 1) . As a result, additional poultry fat was needed when formulating diets with low-oil and moderate-oil DDGS compared with high-oil DDGS to meet the energy specifications throughout all 4 growth phases (Tables 2, 3 , 4 and 5). The AME n values used in formulation for corn, soybean meal, and poultry fat were 3,349, 2,315, and 8,267 kcal/kg, respectively. The experimental design was a 3 × 2 factorial arrangement of DDGS source and DDGS inclusion. Broilers were fed 6 dietary treatments containing 3 DDGS sources (low-oil, 6 Choline chloride-60 (Balchem Corporation, New Hampton, NY). 7 Quantum R Blue 5 G (AB Vista Feed Ingredients, Marlborough, UK) provides 1,000 FTU/kg of phytase activity per kg of diet. 8 Econase R XT (AB Vista Feed Ingredients, Marlborough, UK) provides per kg of diet: 16,000 BXU of xylanase activity per 100 gram per ton inclusion. 9 Sacox provided 60 g/907 kg of salinomycin (Alpharma, Fort Lee, NJ). 6 Choline chloride-60 (Balchem Corporation, New Hampton, NY). 7 Quantum R Blue 5 G (AB Vista Feed Ingredients, Marlborough, UK) provides 1,000 FTU/kg of phytase activity per kg of diet. 8 Econase R XT (AB Vista Feed Ingredients, Marlborough, UK) provides per kg of diet: 16,000 BXU of xylanase activity per 100 gram per ton inclusion. 9 Sacox provided 60 g/907 kg of salinomycin (Alpharma, Fort Lee, NJ). 9 Sacox provided 60 g/907 kg of salinomycin (Alpharma, Fort Lee, NJ). 
Growth Performance and Processing Parameters
Body weight and feed consumption were determined on a pen basis (n = 10) at the end of each growth phase (1, 14, 26, 34, and 49 d of age) and mortality was recorded daily. On 50 d of age, following a 12 h feed withdrawal period, 12 broilers were randomly selected from each replicate pen for processing at the Auburn University Pilot Processing Plant. Birds were weighed, placed in coops, and transported to the Auburn University processing facility. Broilers were electrically stunned, exsanguinated, scalded, picked, and manually eviscerated. Carcasses were placed on ice for 3 hours, then the weight of carcasses (without fat pad) and fat pads were recorded. Then, birds were packed in ice for 18 h and whole carcass was "cut up" into front halves and pectoralis major muscle (boneless breast) and pectoralis minor muscle (tenders), weights were recorded. Respective yields in relation to 50 d BW were calculated for all processing parameters.
Feed Costs
Ingredient prices for corn, soybean meal, poultry fat, and DDGS were obtained from Feedstuffs in December 2013 [10] and Pro Plus 57 was received from H. J. Baker [11] . Diet cost was determined using least-cost formulation (Tables 2-5) [12] . Diet cost is higher than current cost due to experimental diets being formulated during 2013 prior to experimentation. Actual digestible AA content and metabolizable energy content for each DDGS source were used in least-cost formulation [5, 8] . Total feed cost/bird was determined by multiplying diet cost/kg × feed intake (kg/bird) for each of the 4 production phases. Total feed cost was divided by BW gain and total breast meat weight (pectoralis major and pectoralis minor muscles) to determine feed cost/BW gain and feed cost/breast meat weight. 2 Body Weight (BW), body weight gain (BWG), and feed intake (FI). 3 Feed Conversion (FCR) has been corrected for mortality. 4 Means separated using Tukey's HSD (honest significant difference) test [14] . 5 Pooled standard error. a,b Means with different superscripts are significantly different (P ≤ 0.05).
Statistical Analysis
A 2 × 3 factorial arrangement of treatments was employed in a randomized complete block design. Analysis of variance was performed using PROC MIXED [13] . Statistical significance was determined at P ≤ 0.05.
RESULTS AND DISCUSSION

to 14 d of Age
Interactive effects were not observed for growth performance variables from 1 to 14 d of age, but main effects for DDGS source and DDGS inclusion program decreased feed conversion (Table 6 ). Feeding diets containing 5% DDGS to broilers resulted in a 0.024-point decrease in feed conversion (1.269 vs. 1.293) compared with birds consuming diets containing 8% DDGS. Broilers fed diets containing high-oil DDGS had lower feed conversion (P ≤ 0.05) by 0.032 points (1.266 vs. 1.298) than birds receiving diets formulated with low-oil DDGS. Body weight gain, feed intake, and mortality were not influenced by main effects of DDGS inclusionprogram or source. Diets were formulated using previously determined AME n and digestible AA values and this may have led to only a difference in feed conversion due to DDGS source. Differences in feed conversion values were apparent for both DDGS inclusion-program and DDGS source, which appeared to occur due to small numerical changes in both BW gain and feed intake.
Lumpkins et al. [1] evaluated the optimum inclusion rate of DDGS with broilers during the starter period. Diets contained 0, 6, 12, or 18% DDGS and were provided to Cobb × Cobb 500 mixed-sex chicks from 1 to 16 d of age. Body weight gain and gain:feed were decreased with broilers fed diets formulated with 18% DDGS compared with the other dietary treatments. Conversely, Dozier and Hess [15] did not observe differences in growth performance from 1 to 13 d of age when broilers were fed the identical treatments as the current study. Other researchers reported no differences in growth performance from 1 to 18 or 1 to 14 d of age when incremental DDGS inclusion rates have been extended to 24 or 30%, respectively [2, 16] . When formulating on digestible AA basis, growth performance differences due to source and inclusion rate appear to be minimized during the early growth period [2, 15, 16] .
to 26 d of Age
Broilers fed 2 DDGS inclusion-programs and 3 DDGS sources interacted to influence (P ≤ 0.02) BW, BW gain, and feed intake from 1 to 26 d of age (Table 7) . Interactions (P ≤ 0.020) for BW and BW gain occurred as broilers fed diets formulated with the moderate-oil DDGS content grew faster than birds provided diets containing high-oil DDGS when subjected to the conventional-inclusion DDGS program. Feeding broilers diets formulated with high-oil DDGS with the DDGS conventional-inclusion program yielded lower feed consumption compared with birds consuming diets containing low-oil and moderate-oil DDGS, which resulted in a significant interaction (P ≤ 0.001). No differences were noted for feed conversion and the incidence of mortality among the treatments. In contrast, Dozier and Hess [15] did not report significant interactions for BW, BW gain, and feed intake based on DDGS-inclusion program and DDGS source from 1 to 26 d of age. Main effects of DDGS-inclusion program influenced BW and BW gain with broilers fed the DDGS conventional-inclusion program having superior growth over the birds subjected to the DDGS increased-inclusion program. However, significant interactive effect (P ≤ 0.001) was observed for feed conversion. Feeding broilers the DDGS conventional-inclusion program with diets formulated with high-oil DDGS had lower feed conversion than birds consuming diets containing moderate-oil DDGS in both DDGS inclusion programs.
to 34 d of Age
Cumulative BW, BW gain, feed conversion, and mortality were similar for broilers fed the dietary treatments from 1 to 34 d of age (Table 8 ). However, an interactive effect (P ≤ 0.009) for feed intake was observed with broilers fed conventional-inclusion DDGS program with diets containing moderate-oil DDGS consuming more feed than birds provided the conventionalinclusion-program containing high-oil DDGS and increased inclusion-program formulated with low-or moderate-oil DDGS. The lack of statistical significance observed for cumulative growth performance may be attributable to formulating on an actual digestible AA basis and AME n values of the 3 ingredients. Furthermore, pellet durability index of diets containing 9 and 12% of low-oil, moderate-oil, and high-oil DDGS fed from 27 to 34 d of age was 82.7, 80.5, and 89.2% and 91.3, 85.9, 85.6%, respectively. Based on these results, pellet quality did not appear to have an influence on cumulative live performance at 34 d of age. Similar results with broilers fed varying inclusion rates of DDGS have been shown that pellet quality has not impacted growth performance [2] . In contrast, Dozier and Hess [15] reported that cumulative BW, BW gain, feed intake, and feed conversion were adversely affected by providing the DDGS increased-inclusion program (8, 10 , and 12%) compared with DDGS conventionalprogram (5, 7, and 9%) from 1 to 13, 14 to 26, and 27 to 33 d of age, respectively. No difference in growth performance was due to DDGS source.
to 49 d of Age
In parallel with the 1-to 34-d growth performance, feed intake was influenced (P ≤ 0.006) by the interactive effects of DDGS inclusion-program and source from 1 to 49d of age (Table 9 ). Broilers fed conventional-inclusion-program containing moderate-oil DDGS consumed more feed than birds provided the conventional-inclusionprogram containing low-and high-oil DDGS and increased inclusion-program formulated with low-or moderate-oil DDGS. Cumulative BW, BW gain, feed conversion, and mortality were not altered of broilers provided dietary treatments.
Shim et al. [2] reported no differences in growth performance and processing yields when broilers were fed diets having DDGS inclusion rates of 0, 8, 16, or 24%. In agreement, Wang et al. [16] found no differences in growth performance of broilers when fed diets formulated with corn DDGS inclusion at 15% compared with the control-fed birds during a 42-d production period. Digestible AA values for corn, soybean meal, and DDGS were used in diet formulation, which may have allowed for feeding 15% DDGS without an adverse impact on broiler growth. However, feeding broilers diets containing 30% corn DDGS adversely affected cumulative BW gain and feed conversion compared with the control-fed birds.
50-d Carcass Characteristics
Meat yield was not influenced by DDGS inclusion program and source (Table 10) . Broilers fed diets containing low-oil DDGS had 5.9% increase (P ≤ 0.03) in abdominal fat percentage than birds consuming diets formulated with high-oil DDGS. Dozier and Hess [15] reported interactive effects for abdominal fat percentage, carcass yield, wing yield, and total breast meat yield. Providing broilers the DDGS conventional-inclusion program with diets formulated with high oil-DDGS led to higher carcass yield, wing yield, and total breast meat yield and lower abdominal fat percentage when compared with other dietary treatments. These interactions were due to as the oil content of the DDGS increased with broilers fed the DDGS conventional-inclusion program resulted in decreased abdominal fat percentage and increased meat yield. Other research reported broilers fed diets formulated to contain 21% DDGS had lower breast meat yield than birds provided diets containing 0, 7, or 14% DDGS at 42 d of age [17] . Conversely, broilers fed diets varying in DDGS inclusion rates have not shown differences with meat yield [1, 2, 16] , which is in agreement with the current research.
The basis for increased abdominal fat associated with the lipid content of DDGS in the current study and previous research [15] may be related to the formulation strategy and lipid digestibility associated with DDGS. Lipid digestibility from DDGS is lower (62 vs. 95%) than when diets are supplemented with a non-intact fat source [18] . In the present research, this disparity in lipid digestibility between DDGS and poultry fat may explain the increased deposition of abdominal fat percentage with broilers fed diets formulated with low-oil DDGS because these diets contained higher concentrations of supplemental fat.
Feed Costs
Feed costs per unit of BW gain and breast meat weight differed among broilers fed diets formulated with 3 DDGS sources but no differences were observed for birds fed the 2 DDGS inclusion programs (Figures 1 and 2 ). Feeding broilers diets containing the low-oil DDGS source increased feed cost per BW gain and breast meat weight of $0.025/kg and $0.004/kg compared with birds fed diets containing high-oil DDGS or moderate-oil and high-oil DDGS sources, respectively. Lower metabolizable energy values of the low-oil DDGS (1,975 kcal/kg) and moderate-oil (2,644 kcal/kg) DDGS sources contributed to a higher inclusion rate of added fat compared with high-oil DDGS (3,137 kcal/kg) translating to higher diet cost/ton basis (Tables 2-4) . Moreover, these diet costs were higher than current values due to higher corn, soybean meal, and poultry fat prices when these diets were formulated prior to experimentation.
CONCLUSIONS AND APPLICATIONS
1. Cumulative growth performance and meat yields were similar for broilers fed the 6 dietary treatments during the 49-d production period.
2. Broilers fed low-oil DDGS had a higher abdominal fat percentage than broilers provided diets containing moderate-and highoil DDGS. 3. Feeding broilers diets with low-oil DDGS had lower feed cost per unit of BW gain and total breast meat weight by $0.025/kg and $0.004/kg compared with birds fed diets formulated with either high-oil or moderateoil and high-oil DDGS.
